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Introduction
Acute lymphoblastic leukemia (ALL) includes a group of proliferative disorders of the bone marrow and it is considered as one of the most common malignancies in children (1) . Although the peak of prevalence is between the ages of 2 and 5 years, ALL affects both children and adults (2) . This prevalence increases by age up to the second peak in the 80 years old (1) . Cancer incidence is the third cause of death in Iran after coronary heart disease and car accidents (3) and the pediatric cancer is the sixth common malignancy according to different studies in Iran (4) (5) (6) .
Although chromosomal analysis still plays an important role in cytogenetic studies, morphological identification of lymphoblast with light microscopy and immunophenotypic evaluation of commitment lineage and developmental stage with the flow cytometry are essential for detection (2) .
Immunological characteristic of leukemic cells is extensively used by flow cytometry both with surface and cytoplasmic antigens, which are actually different in developmental stage and lineage of malignant cells (7) . The identification of neoplastic cells by flow cytometry relies on the principle that the expression patterns of markers in normal and neoplastic cells are different. This includes acquisition/changes in intensity or loss of antigen expression which are not lineage specific (8) . Today, we have appropriate antibody panel to study this lineage of the malignant cells by flow cytometry, but actually most of the individual cell differentiation antigens cannot identify specific lineage (9) , so immunologic IRANIAN JOURNAL OF PATHOLOGY classification of all acute leukemia needs a panel of monoclonal antibodies (mAb), rather than investigation for single antigen. On the other hand, there is an overlap in expression for some of the markers throughout acute leukemia of different lineages, which necessitates to use several markers. For example, CD33 may be positive in precursor of B-or T-lymphoblastic leukemia (B-LBL and T-LBL); CD19 may be positive in a subset of AML-M2, and some of the pan-T antigens (CD2 and CD7) are often expressed in AML (10) .
Although many studies have been done on ALL immunophenotyping, their results of flow cytometry panels are different by regions (11) (12) (13) (14) . This study, for the first time, evaluated aberrancies in ALL flow cytometry panels according to subtypes including B-LBL, T-LBL, and sex in both children and adults in Iran. The study tries to achieve better understanding of the diagnosis and classification of ALL through describing the characterization of immunophenotypic aberrancies using flow cytometry.
Materials and Methods

Patient Selection
The patients referred to the Iranian Blood Transfusion Organization (IBTO) in Tehran from all Iranian cities. The participants were examined in the flow cytometry section and entered the study. 89 blood samples were collected from childhood to adult in a time period between 2013 and 2015. The study protocol was reviewed, approved, and supervised by IBTO ethics committees.
Flow Cytometry
Before antibody staining, specimen processing was done by erythrocyte lysis with 5-volume ammonium chloride standard solution, and the complex incubated for 10-20 min according to lysis process. The samples were then washed two times with PBS solution (phosphatebuffered saline, 0.0455% sodium azide , and 0.1% bovine serum albumin) and resuspended in RPMI 1640 culture medium supplemented with 5% new borne calf serum (11) . Finally, cell counting was done and 500,000 cells were washed and stained with antibodies.
Flow cytometry panels for T-LBL included CD1a, TdT, CD7, CD5, CD8, CD4, CCD3, CD3, and CD2, while the panels for B-LBL included CD22, CD20, CD19, CD34, CD79a, CCD22, and other antigens including HLA-DR, CD34, TdT, and CD45. In addition, CD13, CD33, CD14, CD117, CD64, and MPO antibodies were used to rule out AML. All antibodies were added according to manufacturer's protocols (Dako, Denmark) and then titration was done. Then, the specimens were incubated in dark room (2-8°С) for 20 min. After incubation, one wash with PBS was done and then resuspended in PBS. Flow cytometric analysis was performed using a Partec PAS flow cytometer (Partec GmbH, Münster, Germany). Cell population was considered as positive for each particular antigen if it was more than 20% of the leukemic lymphoblast event stained beyond an appropriate isotype cutoff (set at 98% isotypic control staining). Acquisition and analysis of FCM data was performed using the FloMax program associated with the instrument.
Data Analysis
Immunophenotypic aberrancies in leukemic lymphoblast population was determined by deviation from normal pattern (15) . The difference in frequency of antigens expression (categorical variable) between B-LBL and T-LBL according to sex and age groups [children (under 14 years) and adults (over 14 years] was analyzed using Chi-square (Fisher exact test for expected frequency with or less than 5 percent). A P-value less than 0.05 was considered statistically significant.
Results
In this study, 89 patients including 54 males (60.7%) and 35 females (39.3%) were evaluated using the same methods. The mean age was 19.02±18.56 (Mean±SD). These patients had a wide age range of one year to 83 years old. Most of these patients (62.9%) aged less than 14 years. Diagnosis was B-LBL for 69 patients (77.5%), T-LBL for 18 patients (20.2%), and mature B-LBL for 2 patients (2.2%).
In the patients with B-ALL, 86.2% TdT+, 79.4% CD10+, 1.47% CD117+, and 60.9% were CD34+. Analysis of B-LBL precursor demonstrated 10.7% were TdT-/CD34-, 0% TdT-/CD34+, 33/9 TdT+/CD34-, 55/3% TdT+/CD34+, 1.47% CD117+, 5.8% CD13+, and 2.9% were CD33+.
None of B-LBL cases were MPO+. CD19 marker was positive in all B-LBL cases. CD20 expression was observed in 43.5% cases and CD22 expression in 25% cases, while 45.8% of cases were positive for CD22. In addition, CCD79a in 96.5% of cases was positive and HLADR in 98.6% cases (Table 1) .
Aberrant B-LBL antigens were CD7, CD13, CD117 and CD 33. Immunophenotypic aberrancies in this disease include abnormal or a synchronized patterns of antigen expression for myeloid and lymphoid lineage (Table 2) In T-LBL group CD4+/CD8+ patients were more in females than males, while CD4-/CD8-cases were more seen in the males. None of the women was CD10 positive, while 26.7% of T-LBL in males was positive for CD10. CD45 low in this group was seen more in females (Table  1) . CD13, CD117, and HLADR were observed in males over 14 years old but CD10 was seen only in males under 14 years old (Table 3 ). In addition, expression of CD117 aberrant myeloid antigen was significantly more associated with T-LBL than with B-lineage ALL (P=0.02) ( Table 4 ). 11.1% of patients were CD4-/CD8+, and CD10 expression was seen in 22/2% of the patients. CD34+ was seen in 27/7%, HLADR in 11/1%, CD33 in 5.6%, CD117 in 13/3%, TdT+/CD34+ in 7.14%, TdT-/CD34-in 28.6%,TdT-/CD34+ in 14.3%, and TdT+/CD34-in 50% of T-LBL patients (Table 1) . CD4 and CD1a markers were not expressed in adults. These results should be interpreted by considering limited numbers of cases in the T-LBL group. In addition, CD8 and CD5 antigen expression was higher in the group of children (Table 1) . 
Discussion
In this study, we focused on the evaluation of ALL surface and cytoplasmic antigens. We reviewed the expression frequency of different markers including aberrancies in patients with ALL to set aside the prevalence of antigens and reach the minimum necessary diagnostic panels by flow cytometry in Iran. According to our findings, aberrant phenotypes including CD13, CD33, CD7, and CD117 were found in seven cases (10.1%) of B-LBL. These phenotypes were CD10, CD117, HLA-DR, and CD33 in 7 cases (38/9%) of T-LBL. Expression of CD117 aberrant myeloid antigen was significantly more associated with T-LBL than with B-lineage ALL (P=0.02).
In our study, CD7 expression in B-LBL was 2 out of 69 cases in the precursor of B-LBL, which is about 2.9%. This is less than the study by Basturk et al. (12) that revealed 6 out of 41 cases (14.6%) and it is higher than some other studies (16) which reported that CD7 expression was 6 out of 134 (11) and 4 out of 200 (16) . Although CD7 is considered as a poor prognostic marker in these studies (12, 16) it is a good marker in other studies (11) . Unfortunately, we did not review 6-month recurrent rates and 6 th and 12 th month survival rates.
In addition, expression rate of surface and cytoplasmic CD22 was 25% and 45.8% of cases, respectively. Basturk et al. reported cytoplasmic CD22 in 10 out of 40 (25%) B-LBL cases with higher survival rate (12) . Expression of CD117 as an immature myeloid lineage marker in B-LBL has been considered as aberrant marker. Seegmiller et al. (11) reported IRANIAN JOURNAL OF PATHOLOGY CD117 in 1 out of 200 (0.5%) and in the study conducted in Indonesia (13), 4 out of 183 patients (2.2%) was reported; also, Basturk et al. (12) reported 9 out of 25 cases (36%) with poor prognosis. In our study, one out of 68 cases (1.47%) was positive for CD117 which is closer to the first two previous studies that prognostic effect is not described in the these studies for CD117. CD19 is expressed in all of the B-LBL cases. TdT was positive in 86% of cases in our study, while it was positive in 68.3% to 97.4% in another study (12, 17) .
Our study showed that in the group of B-LBL in the male patients, CD20 antigen had a significant difference (P=0.02), while CD45 low expression in female patients had a significant difference compared to the male group (P=0.04). This finding suggests more mature blasts in males than females with B-LBL. In addition, CD117 was not detected in any of the male patients, while female cases were positive in 3.2%.
In B-LBL patients, CD10 antigen was seen more in children (P=0.01). This is according to a survey conducted by Seegmiller (11); but unlike this study, in our study, the expression of CD45 low does not show a significant difference between children and adult groups. On the other hand, the expression of CD34 in adult shows a greater incidence, while in the study by Basturk (12) CD34 expression was observed more significantly.
Since simultaneously use of flow cytometry and cytologic analysis such as fluorescence in situ hybridization (FISH) and conventional karyotyping was not possible in our center, comparing cytogenetic findings was not done between the groups. Seegmiller et al. (11) reported absence of CD10 in adults in accordance with 11q23 gene rearrangement; also, CD10+/CD19+ has been seen more in children and CD10-/CD19 + more in adults.
Cytoplasmic cCD79a expression in the children under 14 years old was much higher than adults. Also, TdT+/CD34+ was higher in adults than children. Therefore, it seems that in B-LBL, blast cells are more immature in adults.
Since in this study, CD7, CD13, CD33, and CD117 were the most aberrant markers expressed in B-LBL, these markers should be considered in routine diagnostic panel for leukemia, not only in initially diagnosis processes, but also after treatment and for minimal residual disease (MRD) follow-up. CD14 and CD64 were not seen in B-LBL patients. These antigens are in first place of diagnosis and they are indicator markers that show the leukemic blast cells, which their tracking is helpful in differential diagnosis of hematogone hyperplasia from MRD. While CD14 and CD64 were not seen in B-LBL patients, Seegmiller et al. (11) reported CD14 and CD64 in 1.5% and 6.5% of cases, respectively; but in another study this expression rate was 5% for CD14 (18) .
In our study, the CD7 and CcD3 were positive in 100% of T-LBL cases and the frequency of CD3 and CD5 antigens in T-LBL were 38.9% and 88.9%, respectively. The frequency of CD3, CD5, and CD7 in our study was similar to a previous study (17) . Our study found that CD7 is the most sensitive marker in T-LBL, which is consistent with mentioned study.
Because of the low expression of surface CD3 in T-LBL, which almost always occurs in the cytoplasm, surface CD3 has been seen with low expression. CD10 in 22.2% and CD19 and CD20 were not seen in any of the T-LBL cases, that is similar to the study by Salem (17) which reported that CD7 expression was in 23% in T-LBL cases with no expression for CD19 and CD20.
CD13 expression was not seen in any T-LBL cases, while CD33 and CD117 were positive in 5.6% and 13.3% of patients, respectively. This is similar to the study by Salem (17) which did not report CD13 and CD33 expression. In addition, our study revealed HLA-DR expression in 11.1% 0f T-LBL cases with no report in children. But Salem reported no HLA-DR expression in T-LBL. This expression is considered 10% in the textbook of flow cytometry (15) . Moreover, Seegmiller et al. reported CD13, CD33, and CD117 in 60% of cases (11) .
Mazher et al. (18) reported CD13, CD33, and MPO expression in 28%, 28%, and 14% of T-LBL cases, respectively; these percentages are different from our findings that CD13 and CD33 were observed in 0%, 5.6%, and 0% of cases, respectively. Also, in the study by Sarma (14), CD117 expression was aberrant antigen in 54% of ALL cases, which is the most common positive myeloid marker in ALL; meanwhile, our results showed that CD117 is the most common myeloid aberrant antigen in T-LBL (Table 3) .
According to the text book of flow cytometry (15), CD117 expression as aberrant antigen was reported in 11% of T-LBL cases that is very close to our finding (CD117=13.3%). CD10, CD4-/CD8-expression are aberrant antigens in 24% and 43%, respectively. Our study demonstrated 22.2% for both markers and CD4+/CD8+ expression was 50%, but it was 39% in textbook of flow cytometry. CD4+/CD8+ expression was not seen in adults, while CD8-/CD4-and CD34 was higher in adults than children. This also demonstrates that blast cells are more immature in adult T-LBL. CD117 as aberrant antigen in adult T-LBL showed more expression, while it was the opposite in B-LBL. TdT+/CD34+ has been observed more in adults T-LBL which shows more immature blast cells in these cases.
Therefore, the studies conducted in different areas represent different aberrant phenotype incidence in patients with ALL. This finding might be due to genetic variation in geographic distribution, if we can exclude the effects of using different reagents (14).
CD33 has also been seen in T-LBL adults, while the opposite is true in patients with B-ALL. Thus, CD14 was not observed as aberrant antigen in any of the age and genders groups in B-LBL and T-ALL.
Vol. In patients with T-LBL, CD10, CD33, and CD117 were more expressed as aberrant antigens .In comparison, TDT+/CD34+ cases were more observed in B-LBL, and the difference was statistically significant. It seems that in T-LBL, both markers should be used as dual. TdT-/CD34-were more detected in T-LBL than B-LBL, although they were not statistically significant.
Briefly, according to the findings of this study, panel of flow cytometry markers including CD1a, CD2, CD3, CD4, CD8, CD7, TdT, CD34, CD33, and CD117 had more diagnostic value in T-LBL. In patients with B-LBL, markers such as CD10, CD19, CCD79a, CD13, CD33, CD117, TdT, and CD34 should be considered as a part of the initial diagnostic panel. In addition, considering absent expression of CD14 and CD64, it seems that it is not necessary to use them in the diagnostic panel for ALL, whereas CD33 and CD117 with higher expression in ALL; then myeloid should be considered for diagnostic panel.
The present study had several limitations. In this study, cytogenetic analysis was not done and the limited sample size in T-LBL group decreased the statistical value. In this context, studies with lager sample size and cytogenetic analysis for determining diagnostic panel markers with considering the relation between incidence of markers and treatment prognosis are suggested. Further studies with meta-analysis could show the geographical effects on phenotypic characteristic of blast cells. However, according to this study, these phenotypic analyses in each geographic region could explain that more common antigens were more common in ALL.
